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The dark clayey soils of the Central Clay Plain of the Sudan have 
several characteristics in common with the warm regions soils lately 
described under the Order Vertisol in the American System of Classifica-
tion, 7th Approximationo Their lower categories however were not final-
ly agreed upon particularly after the drastic change of this order. The 
Gezira is that area in the center of the plain extensively _under irriga-
tion mainly for the production of cotton which is the backbone of the 
national income of the country. Due to its importance the Gezira soil 
has received most of the research work conducted in this plain. Never-
theless, sorne problems remain to be solved. It may be appropriate to 
point out that there is not much variation between the Gezira soil and 
other areas within the plain. Therefore, information about any of them 
can be extrapolated to other areas provided tha~ climatic and other lo-
cal differences are considered. This paper is a modest contribution to 
the efforts being exerted to understand the' behavior of these soils. 
The main objective of this study is to show chemical, mineralogi-
cal and physical similarities or differences between two sites included 
in the same mapping unit and occurring far from each other and separated 
by different soils. The two sites are Tebub Block in Central Gezira and 
Unit 13 in Kenana extension. The information obtained might be helpful 
for further study of the Central Clay Plain soils. Most of these soils 
2 
are under development or proposed for extension in the near future. 
CHAPTER II 
REVIEW OF LITERATURE 
The Central Clay Plain of the Sudan as the name denotes occupies 
the central part of the country in between longitudes 30° - 37° and 
0 0 
latitudes 10 - 16. It is one of five soil regions well defined across 
the Sudan as a result of remarkable climatic and other soil forming 
variables ( 1). 
Topography and Geology 
The area is a vast plain of deposition with very gentl 7 slopes. 
The overall slope of the land westwards from Singa to the White Nile 
(from east to west) is 30 cm per kilometer and the differences in level 
between Khartoum (extreme North) and Malakal (extreme South) is approxi-
mately 7 meters$ the two ~ities are 440 kilimeters apart. The plain is 
interrupted by a few mountains of basement complex rocks. The majority 
of the soil parent material was laid down on basement complex rocks with 
some areas deposited on Nubian sandstone like the Eastern Gezira or on 
Red Sea coastal deposits similar to soils sources of the White Nile ex-
tending Northwards from Malakal to Jebelen (43). 
Climate 
The plain has a typical tropical continental climate with a rain-
fall increasing from North to South. In the North the annual rainfall 
is about 200 mm/yr and increases to as much as 800 mm/yr in the South. 
3 
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The effective rainfall occurs within a period of about 4 months and for 
the rest of the year the plain is left dry. The weather is very stable 
during the dry season but occasional intense storms occur in summer. 
There is little variation in temperature on the plain. The mean annual 
O O O O 
temperature is 28.5 C. (82 F.), mean maximum 36.7 C. (96 F.), and 
mean minimum 20.6° C. (68° F.) ( 43). 
Vegetation 
The vegetation was studied by F. W. Andrews (43-) and summarized 
under the following regions: 
Accacia Desert Scrub Region 
This area, which include~ the northern part of the Gezira, has a 
rainfall of less than 12 inches/year. Shrubs and trees are plentiful 
with dominance of Accacia Eee.· The vegetation is scattered and areas 
may occur without trees. Accac i a Orfata I Laot I was noted on lighter 
soils and Accacia Mellifera on heavier soils. Other common trees are 
1 heg1ig 1 (Balanites aegyptiaca Del.), 1 sidr 1 , 'usher' (Salvandora ~-
sica Linn.), 1 haraz', and 1 talh 1 • Of the grasses'tumam', 1 na1 1 and 
1 haskanit 1 (Cenchrus biflorus Roxb.) were reported. Among climbing 
plants 'salal! (Cinus quandrangullus Linn.) is the most conspicious. 
Accacia Short-Grass Scrub Region 
This area is characterized by higher rainfall than the preceeding 
region (12 to 20 inches) which is sufficient to mature many grasses and 
herbs. Accacia is still the dominant species with greater variety and 
broader leaved trees. Grasses, herbs and scattered patches of 1 ki tre' 9 
'laot', 1 sidr', and 1 tl,lmam 1 are common in the irrigated Gezira area and 
may b~ considered as a typical vegetation of Tebub Block. 
Accacia Tall-Grass Forest Region 
This region is characterized by a rainfall of 20 to 40 inches/yr 
and a vegetation quite distinct from the preceeding regions. Accacia 
is still prominent with broad leaved trees and other species. 1 Talh 1 , 
1 hashab 1 , 1 heglig 1 and non thorny trees are abundant. Most of Kenana 
area is under these kinds of vegetation. 
Description of the Soil 
5 
The plain is formed of heavy alkaline deep cracking soils of con-
siderable depth. The deposit extends over a vast area without showing 
clear profile differences. However, G. A. Worrell (45) has reported 
some gradual horizonation change. He found at the southern margin of 
the Gezira area the soil grades naturally into a wider and deeper crack-
ing soil of lower salinity, lower alkalinity, less differentation of 
profile horizons and of no or little gypsum. He concluded that these 
differences can not be attributed to climatic differences only as might 
be suggested by the increasing rainfall from North to South because the 
same trend of change was observed to the eastern extension of the Gez-
ira which has more or less the same amount of rainfall. The less hori-
zonation was explained by H. Green ( 19) and discussed under Genesis of 
Gezi ra soi 1. 
The same c;1uthor ( 19) has described and sketched a typical Gezira 
profile as follows (Fig. 1): The surface soil to a depth of two feet 
is dark brown. Below it there is a layer of gray soil penetrated by 
tongues of brown soil, and below the gray layer the soil is yellow 
brown. The horizonation of the profile is not abrupt as the diagram 
may suggest~ but nevertheless can easily be followed by careful in-
spection. Tongues of the top brown layer in the subsoil was explained 
H111nll Hpncilrn of 
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Figure 1. Diamgrammatic Representation of 
Soil Profile at the Gezira 
Research Farm. After Green. 
(Soil Profile in the Eastern 




by T. No .Jewitt ( 27) a.s a result of surface soil falling down into the 
deep cracks. The upper limit of the gray layer is characterized by the 
occurrence of small crystals of gypsum. Its lower limit however coin-
cides with accumulation of white concretions of calcium carbonate about 
one inch in diameter. Gypsum occurs again in considerable amount below 
the lower zone of accumulation of Caco 3• Throughout the profile nodules 
of calcium carbonate are present, near the surface they are black due to 
manganese coating and at lower depths they are white. Recently, Block-
huis,Ochtman and Peters (6) briefly described a typical Gezira and 
Khashm el Girba profile as followsi 
The soils on both plains are very similar in appearance 
throughout the so 1 um. The c 1 ay percentages vary between 50 and 
70%, silt between 15 and 30%, fine sand between 10 and 20%, while 
coarse sand is almost absent. The clays belong to a pseudo-
chloritic transitional montmorillonite-illite series, in one 
case the illitic character is predominant, in another the mont-
morillonitic character. In Khashm el Girba there is a tendency 
toward i 11 i te being more important in the subsoi 1 s and some sort 
of montmorillonite in the surface layers. A profile in the 
Gezira, near Wad Medani, has clays more consistently composed of 
pseudochloritic montmorillonite. 
The cation exchange capacity is approximately 1 milliequiva-
lent/g of clayo Throughout the soil calcium is the dominant 
cation on the exchange complex; in the 0-30 cm layer sodium 
occupies in general 10-15% of the exchange .sites. The organic 
matter, though low in content (0.3 - o.5%C), is a mull; the C/N 
ratio increases with depth and varies between 10 and 15. 
The soils swell upon wetting and shrink upon drying; they 
are generally self-mulching and there is some churning, but only 
occasionally a true gilgai-microrelief is found. 
The sol um consists of a dark yellowish brown ( JO YR 3/4 
moist) surface soil, 7-90 cm thick (Al) overlying a dark grayish 
brown (JO YR 3/2, moist) soil layer, 50-80 cm thick with an accu-
mulation of powdery calcium carbonate and fine crystalline gypsum 
(Acacs) or calcium carbonate alone (Aca). Calcic and gypsic 
horizons occur in the substratum. The solum is free of mottling 
but in the substratum some mottling may occur. There is an 
oc hri c epi pedon. 
The soil exposed in the wall of a pit shows a tendency towards 
a horizontal lamination; the finest structural elements are wedges 
of parallelepiped aggregateso Slickensides occur in the lower part 
of the solum and in the substratum. 
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Genesis 
Several theories have been forwarded to explain the mode of forma-
tion of the Central Plain. The most attractive is that the plain was 
partly deposited from the Blue Nile and partly by the White Nile from 
two different rock sources. This hypothesis was supported by Tothill 
(43) who claimed that the Gezira and other areas to the East of the 
plain are of Blue Nile origin while areas to the West and Southwest are 
of White Nile origin. To explain how Gezira soil was deposited he 
stated that during its formation this part of the plain might have 
dried out annually as evidence by the vertical and lateral distribution 
of Ampullaria and Lanistes remains. The two amphibius species breathe 
by both lungs and gills and inhabit today regions that normally are 
covered with rains or flood water for several months of the year. On 
this account and in the absence of shells that characterize a lake con-
dition, he rejected both eolian and lacustrine origins. He explained 
the different origin of the Whie Nile soils by the presence of ~ypsum 
in Gezira profile. He reported that although gypsum is a characteristic 
' of water generally it is only deposited in the presence of sodium car-
bonate which is abundant in the Blue Nile water. However recently the 
staff of the soi 1 survey project has detected gypsum in cons·lderable 
amounts in some soils believed by Tothill to be of White Ni le origin. 
It seems that a study of the heavy minerals of different soils across 
the plain will give more useful information relative to the origin of 
these deposits. This was initiated by some geologists in the United' 
Arab Republic (38). They studied the mineralogical composition of the 
River Nile and its tributaries. Their work was not directed to solve 
problems of Sudanese soils yet proved to be helpful in this line. They 
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found that the different tributaries of the Nile possess different 
characteristic mineral assemblages. The Blue Nile is characterized by 
abundance of augite while the White Nile southern tributaries (El 
Ghazal, El Gebel, and El Sobat) are characterized by an abundance of 
metamorphic minerals such as silliminite, kyanite and staurolite. This 
three metamorphic mi nera 1 s occur as traces in the Gezi ra profile ( see 
Mineralogyj Appendix Table XVI), while other minerals like augite, horn-
blend and epidot; widely distributed in igneous rocks, are abundant. 
Knowing that the Blue Nile flows from a region of basic igneous rocks 
in the high lands of Ethiopia one is inclined to favor a Blue Nile 
origin to the Gezira and perhaps other areas within the plain reported 
by Andrew (43) to be of the same origin. 
Andrew ( 4~ reported that the Blue Nile sediments extend as far as 
the left bank of the White Nile at Jebel Auliya and into the central 
part of the Gezira plain, midway between the Blue Nile and the White 
0 
Nile in latitude 14 45 N. The southern limit of the Blue Nile sedi-
ments south of Khartoum has not yet been exactly ascertained. About 
the White Nile deposits, little is known, but they seem to extend from 
the Ethiopian frontiers south of Roseiris to the Western side of the 
Nuba Mountains, South of the Sennar-Kosti railway to the South of the 
Sebat and round the edge of the Sudd swamps. 
The less distinction of horizons observed in the southern extension 
of the plain was described by Green ( 19) to mixing of the soi 1 in the 
following manner. The plain receives two-thirds of its annual rainfall 
within only two months and is left dry for a long season during which 
deep, wide cracks develop. During the hot months of April, May and 
June wind lifts and transports loose material sloughing it deep into 
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these cracks. In this manner the top brown soil is washed down and the 
gray layer is brought nearer to the surface, It seems obvious from this 
concept that the magnitude of climatic conditions ma~nly rainfall and 
wind is the factor controlling distinction of horizons in the soil pro-
f i 1 e. 
Chemical and Physical Properties 
Salinity 
Sa 1 i ni ty increases from South to North and from East to West. It 
also occurs as localities on the plain as shown on the map of the Gezira 
area (Appendix Figo 8)0 Vertically the soluble salts increase with 
depth to a maximum within the gray compact layer. In profiles without 
clear horizonation, as reported by Blockhuis (5), in some Kenana soils 
soluble salts increase to reach a maximum at about 150 cm. 
Expression of soluble salts as percentages as shown on the map and 
as reported by several workers though good enough for comparison pur-
poses is misleading when related to the actual concentration of salts 
in the soil solution and its osmotic pressure. This is due to dif-
ferences in texture as it affects the water holding capacity of the 
soil. For example~ Richards (44) has shown that all crops can make 
good growth below an electrical conductivity of about 4 mi11imos per 
0 
cm. at 25 C. This conductivity corresponds to about 0.2 percent salts 
in a c 1 ay soi 1 that has a saturation percentage of about 75. However, 
in a sandy soil for which the saturation percentage is 25 a 0.2 per-
cent salt corresponds to an electrical conductivity in the saturation 
' 0 
extract of 12 millimohs per cm. at 25 C., which is too saline for 
' 
good growth of most crop plants. In the central plain texture varia-
tion is not high enough to affect seriously the interpretation of 
1 1 
salinity on field crops; nevertheless conductivity gives more reliable 
interpretations. Area$ with high salinity were excluded from irriga-
tion when the cultivation of cotton started about 1920 in the Central 
Clay Plain of the Sudan. However, new criteria are being used (15) to 
select new areas for development as the content of salinity alone did 
not give satisfactory results. Recently it was found that even with 
large amounts of irrigation water soil salinity development was not the 
major cause of low yields of cotton i~ the Gezira and the Managil ex-
tension. 1 However, a detailed study directed towards showing reduction 
in yield of cotton and other crops was not undertaken. With the in-
tensification and diversification programs expected in this area a re-
view of some practical salinity problems may be desirable. 
Generally plants show a progressive decline in growth of leaves, 
stems and roots as levels of salinity increase. Bernstein (4) has 
shown that in sensitive plants like corn, alfalfa and beans yields are 
decreased in proportion to decrease in plant size. With more tolerant 
plants like cotton, wheat and barley, however, the yield may not decline 
even when salinity causes a decrease of as much as 50 percent in plant 
size. Salinity may introduce some nutritional problems. For example, 
high concentrations of calcium ions in the soil solution may prevent 
the plant from absorbing enough potassium. This nutritional effect 
however is not important in most crops under most saline conditions. 
Sodium and chloride ions when present in high amount in the soil solu-
tion may be toxic and cause acute injury particularly to grapes, citrus 
and other fruits. 
1Rahad Pre. Appraisal Report. Private communication. 
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From his experiments in artifically salinized field plots, Bern-
stein (4) has plotted diagrams, as shown in Fig. 2 and Fig. 3, to show 
salt tolerances of important crop plants. 
One serious effect of high salt content is that water entry into 
roots is restricted by the solute suction of the soil solution. Dis-
solved salts have an attraction for water and oppose its absorption by 
plant roots. As stated before this osmotic effect on solute suction de-
pends not only on the amount of salt but also on the amount of water in 
the soil at the same time. In other words, it also depends on the ca-
pacity of the soil to hold water. Solute suction is not the only factor 
that restricts the uptake of water by plants. Matric suction is also 
important and the combined effect of both suctions is referred to by 
Richards ( 44) as total suction. Matric suction is due to attraction of 
water on the surface of the soil matrix. It is a measure of the tena-
city with which water is held on the surface of the soil particles and 
depends on the thickness of the water films, i.e., in the amount of 
water o 
The total suction determines availability of water to plant roots 
in the presence of soluble salts. Therefore, it may be concluded that 
the rate of growth of crap pl ants dee reases as the tota 1 sue ti on of 
soil water increases if other factors are favorable. 
Alkalinity 
Alkalinity in this plain is more important than salinity to eval-
uate the soil in relation to the production of cotton. It comes next 
to clay content as a criterion of land capability classification. How-
ever despite the high exchangeable sodium it has been observed that the 
surface soil retains some permeability and remains flocculated. The 
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work of Eaton and Sokoloff (13) may partly explain this anamolous be-
havior. They found that calcium may come into solution from calcium 
carbonate or gypsum. Therefore if the soil profile contains these 
sparingly soluble salts and a high quality irrigation water is used, 
calcium in the aqueous phase is momentarily increased. With this in-
crease in calcium relative to sodium adsorbed sodium is replaced and 
continues to be replaced by more calcium from gypsum, calcium carbonate 
or from irrigation water if it has appreciable quantities of dissolved 
calcium. Gypsum and calcium carbonate are very common in soils of the 
Central Plain and the Blue Nile water is of a high quality with a Ca/Na 
of about 4.2. Under the high pH of the soil, however, calcium carbonate 
is not expected to go into solution and enrich the aqueous phase with 
C ++ a • 
The permeability of the surface soil might therefore be attributed 
to an exchange phenomenon where sodium is replaced by calGium which is 
introduced by irrigation water and gypsum. It seems that with more 
irrigation more sodium can be removed and deeper percolation may be 
achieved. On the other hand the permeability of the soil in the pres-
cence of, high exchangeable sodium may be due to error encountered in 
the determination of adsorbed sodium. Over es tirnati on of adsorbed 
sodium was reported on some California soi ls by Babcock (2). He showed 
that a solid form of sodium salt may be present in the soil which dis-
solves in normal extracting solutions but not in water. In other words 
whei;, a, soil is treated with NH4Ac, for example, this solid sodium com-
pound goes into solution and is measured as extractable or exchangeable 
sodium. Therefore, when soluble sodium of the saturation extract is 
subtracted from extractable sodium to calculate exchangeable sodium an 
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overestimation of adsorbed sodium is obtained and erroneous conclusions 
about alkalinity levels may be made. Bower and Hatcher (7) have pre-
sented some data to shqw that the determination of exchangeable sodium 
percentage (ESP) by the method of Bower et al. (9) results in appre-
ciable errors under the following three conditions: (a) when salinity 
is high negative adsorption causes lower values of exchangeable sodium; 
(b) when the soil contains forms of sodium which are not readily water 
soluble or exchangeable but dissolve or decompose in NH 4Ac; and (c) 
exchangeable sodium not replaced by the relatively large fixable NH4 
~a1 
ion. Kelley ('2·8_) criticized the methods of determination of ESP and 
raised the following important points: (1) in the determination of CEC, 
if the extracting solution is pronouncedly alkaline chemically, the 
total amount of cations adsorbed from the solution is frequently much 
greater than from a neutral so1ution; (2) With the use of N•Na acetate 
adjusted to pH 8.2, as in the method of Bower et al. (9), one can hardly 
expect accurate results because many alkali soils ~re much more alka-
line than pH 8.2 (3) The difficulty found by various workers to corre-
late the growth of plants in non saline alkali soil .may ·partly be due 
to the influence of precipitated substances, particularly calcium com-
pounds (29). Finely divided calcium compounds intimat~ly disseminated 
through the soil and Ca++ adsorbed at high pH probably influence the 
effect produced on growing plants by adsorbed Na+, and this effect may 
be considerable (2~). More research work in alkalinity is required to 
ascertain whether any of the previously discussed conditions is opera-
tive in the soils of the Central Plain of the Sudan. 
If one does not concern himself with the complexity pf the methods 
of determination, Pearson (37) established a relation between alkalinity 




A dense layer has long been recognized to occur in the sub-soil of 
the Gezi ra profile and other extensions. The depth of this 1 ayer from 
the surface as well as its density were thought to be limiting factors 
in cotton yield. Some cotton phnts were found with their roots dis-
torted after hitting this hard layer. The development of the roots was 
consequently much restricted. By loosening the profile to a depth of 
one meter in an experiment at the Gezira Farm root penetration was very 
much increased. In an attempt to compare the Sudanese soil Gezira, 
Rohad and Di nder with the American soi 1 Houston, Beaumont and Imperi a 1, 
a similar peculiar behavior was opserved by the author of this paper. 
The Sudanese soils have higher hydraulic conductivity as measured in a 
disturbed sample though their cl~y content and SAR or ESP are higher 
than values obtained from the American soils. Some of the values are 
shown on Table II. Deep plowing was suggested to increase root develop-
ment and water penetration but for how long the effect of this operation 
remains effective is not yet ascertained. It has been found however 
that the effect of deep tillage disappeared in some soils within 1 
year ( .39). 
Table III shows bulk density for a high and low productivity soil 
in the irrigated Gezira area. Higher values were obtained during this 
study for Kenana and Tebub Block soils using the elastic saran resin as 
a coating material. These are shown in Chapter IV, Results and Dis-
cussion. It does not appear from these results that mechanical imped-
ance of roots is due to, formation of traffic pans. Traffic pans usua 11 y 
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TABLE I 
TOLERANCE OF VARIOUS CROPS TO EXCHANGEABLE-SODIUM-PERCENTAGE 
AFTER PEARSON (37) 
T -s 1. olerance to_E P. and 
Range at Which Affected Crop 
Growth Response Under 
Field Conditions 
Extremely sensitive 
( ESP : 2-10) 
~ensitive 
[
Deciduous fruits ••••• ] 
Nuts ••••••••••••••••• 
Citrus................ Sodium symptoms even at 
Avocado.............. low ESP values. 
Beans •••••••••••••••• Stunted growth at low 




( ESP = 40-60) 
Most tolerant 
( ESP = rnore than 
60) 
· ESP values even though 
the physical condition 
of the soil may be 
good. 
C 1 aver • .....•.....•.. 
Oats ••••••••••••••••• Stunted growth due to 
Tall fescue.......... both nutritional 








factors and adverse 
soil conditions. 
Stunted growth usually 
due to adverse physi-
cal condition of 
soi 1. 
rested and Fairway J 
wheatgrass •••••••••• Do 
all wheatgrass •••••• 






Imperi a 1 
TABLE II 
HYDRAULIC CONDUCTIVITY OF SEVERAL HIGH-CLAY SOILS 
cm. per hour 
ESP 0 - 100 ml. 100 
13 1. 85 
6 1. 43 
0.5 .99 
0.3 .67 
1. 6 .23 
1.53 
TABLE I II 
BULK DENSITY FOR A HIGH AND LOW PRODUCTIVITY SOIL 
IN THE IRRIGATED GEZIRA AREA 
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Depth, Cm High Production Soi 1 Low Production Soil 1 
0 - 30 
30 - 45 
45 - 75 
75 - 105 
105 - 140 
140 - 170 
















Annual Report, Gezira Research Station 1961/62, Wad Medani Sudan. 
Personal communication. 
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show a sudden change in bulk density between the plow layer at about 7 
inches and the unde~lyfng pan. They again show a contrast in bulk den-
sity below the traffic pan (39). In the Central Clay Plain despite the 
presence of a slightly denser subsoil the whole profile is compacted 
down to a depth of 2 meters or more. This can hardly be due to traffic 
which is not heavily and frequently used in this plain. 
Swelling, Shrinking and Cracks Development 
In general, cracks are considered one of the important character-
istics of Vertisols. In the Central Clay Plain of the Sudan their im-
portance is increased because they are more effective in controlling 
the water content of the soil than infilteration rate through an im-
perfectly drain~d profile. It has also been observed that after the 
cracks are sealed very little water can find access to the subsoil. 
Therefore the relation found between clay content and cotton yield may 
probably be due to cracking. High clay content results in extensive 
cracking which increases the uptake of water by the soil. Following is 
a review of the mode of formation of cracks as visualized by Johnston 
and Hill (28) and related to the swelling-shrinkage phenomenon. They 
stated that shrinkage is a result of drying out which produces cleavage 
planes. These planes continue to widen as the soil body dries and 
shrinks. With more drying and shrinking the cleavage planes develop in 
the so-called dry weather cracks. These cracks can strike in any di-
rection, horizontally, vertically and at all angles taking the direction 
of ~eakness. These directions coincide with points of highest moisture 
content because the soil becomes harder and harder as the moisture con-
tent decreases. The direction of cracks is of course important relative 
to water content particularly of the root zone. It seems therefore that 
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a study of the cracking patterns, swelling and shrinking of the Sudanese 
vertisols may help in solving some of their problems associated with 
moisture conservation, tillage operation, and land capability classi-
ficationo It may also help in the evaluation of soils even for engi-
neering purposes. It has also been pointed out that formation of crack 
results in a decreasing moisture supply by exposing the soil to direct 
evaporation and desiccationo Vegetation was also found to influence the 
pattern of cracking. Different patterns were observed in the same soil 
under cottoni sorghum and when the land is left fallowo Though the 
reason is not clearly understood, the mode of moisture depletion under 
these three different conditions has been studied by Johnston and Hill 
(28). Soil under cotton grown in rows shrinks towards the row and 
cleaves at the point of least resistance which is the area between the 
rows. They a 1 so cone luded that wetting and drying accompan'ied by swe 11-
i ng and shrinking are necessary to disintegrate clodding of the soil 
and to form a granular soil structure. The surface mulch of some soils 
in the Central Clay Plain may partly be ascribed to this natural pro~ 
cess which can be accelerated by tillage operations such as discing to 
prepare a desirable seed bed. In connection with the management of 
swelling soils it has also been shown that plowing causes the soil to 
become cloddy particularly if heavy tractors are used and the field 
moisture was lowo Such practices deteriorate the physical properties 
of the soil and introduce difficulties in the preparation of a good 
seed bed. 
Irrigation Water 
The Blue Nile is the main source of water for iriigation of that 
part of the Central Clay Plain bounded by the Blue and White Niles and 
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including the largest agricultural areas in the Sudan 9 the Gezira, 
Managil and Kenana. Some other areas to the East, proposed for culti-
vation will also be irrigated with the same water. On this basis the 
Blue Nile has been most important for Sudanese agriculture and ft has 
been sampled for analysis since the early days of soil research in the 
Sudan about 1917. Beam, Green and Snow { 27) have investigated ~he com-
position of the water and reported a calctum/sodi um of 4.2. The most 
recent and elaborate analysis was given by U. S. Salinity Laboratory at 
Riverside, California as shown in Table IV. 
Using the method suggested for the classification of irrigation 
water by Richards et al. (44) the Blue Nile water can be classified as 
Cl-Sl, i.e., low salinity water. Water of this class can be used for 
irrigation with most crops on most soils with little likelihood that 
soil salinity will develop. This classification is based only on the 
electrical conductivity and SAR. It does not consider other harmful 
effects from bicarbonate and boron, for example. 
Being very toxic boron should be considered in assessing the qual-
ity of irrigation waters. According to the limits proposed by Scofield 
(44) the Blue Nile water with regard to boron can be classified as 
Class I. Under irrigation with waters of this class even sensitive 
plants are not affected. The effect of the bicarbonate ion is expressed 
in terms of the residual sodium carbondte (RSC)o Eaton (13) defined 
this value in the fol lowing equationg 
RSC ::: ( CO 3 
++ 
+ Hco3- ) - (Ca + Mg) 
in which the concentration is expressed in milliequivalents per litre. 
The bicarbonate ion tends to precipitate calcium and magnesium in the 
soil solutiono Sodium hazard therefore is increased. The Blue Nile 
TABLE IV 
ANALYSIS OF BLUE NILE WATER 
Conductivity, EC X 106 at 25° C 
Soluble. Sodium percentage (SSP) 
Sodium adsorption ratio (SAR) 
Boron ( B ) ppm 
Qissolved Solids: 
ppm 









Si 1 ica ( SiO ) ppm 10 
___________ 2 ___ ~-------~-----------------------------
C a le i um ( Ca ) 
Magnesium (Mg) 
Sodium ( Na) 
Potassium ( K) 
Sum 
Carbonate (co 3) 
Bicarbonate (Hco 3) 
Sul fate ( so 4) 
Ch 1 or i de ( C 1 ) 
Fluoride (F) 
















water has a RSC of. 14 which is safe for most purposes as found by Wil-
e ox et a 1 • ( 44) • 
From the foregoing the B 1 ue Ni le water can successfu11 y be used 
for irrigation without developing problems in the foreseeable future. 
However, it should be remembered that the limits given before are as-
sumed to give reliable results under average conditions of soil tex-
ture, infilteration rate, drainage climate and tolerance of crops. 
Therefore, large deviations from these average conditions may necessi-
tate modification of this classification. 
Mineralogical Properties 
The mineralogical analysis of the coarse fraction of some Gezira 
soils is shown in Appendix Table XVI. More important is their clay 
mineralogy. Their characteristics are mainly influenced by this in-
organic fraction. Today many practical problems in soil management are 
more apt to be solved as a result of knowledge of the mineralogical com-
position of the soil. The type of clay minerals was found to affect 
fixation of K, P9 and N and to control the moisture, temperature and 
nutrient supply. Therefore, a detailed study of clay minerals in the 
soils of the Central Plain is needed to added to the knowledge already 
gained about their management. Except for what has been reported by 
Blockuis et, al. (6) th~t the clays belong to a transitional montmori1-
lonite-i11ite series very little work has been done in this field. The 
presence of illite in appreciable amounts is even questionable in sane 
Gezira and Kenana soils since some work during this study has revealed 
that kaolinite is more important. In the Central Clay Plain as a whole 
it seems that at least four different clay minerals, in variable amounts 9 
compose the major part of the clay fraction. These are montmorillonite, 
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kaolinite, vermiculite and illite with montmorillonite dominant. It 
will be shown later, as would be expected, that quartz is also present 
in both the coarse and fine clay fractions. Other minerals common to 
soils may also be present. 
One important point that needs discussion and warrants further re-
search is the occurrence of kaolinite under conditions of alkalinity 
and poor drainage. It was almost established that kaolinite is syn-
thesized under conditions of acidity and good drainage. Good drainage 
means high permeability of the soil, steep slopes and high relief of 
the land. Under these conditions Ca, Mg, Na, Kand Fe are removed and 
H ions are supplied by acids or from dissoc;:iation of water ( 12). Some 
workers (40) restricted the formation of kaolinite to low pH of 4.5 or 
2.5. A pH lower than 7 however was found optimum (40). The presence 
of kaolinite signifies also a relatively high ratio of AL with respect 
to Si which may arise either from the composition of the parent rock or 
from removal of silicon from the environment with subsequent enrichment 
of AL (24). 
Factors affecting kaolinization as previously cited are remarkably 
absE;int in the Central Clay Plain of the Sudan. On the contrary the 
present conditions contrast with these under which kaolinite is devel-
oped. For this reason it will not be difficult to account for the 
formation of montmorillonite which is the main mineral in these deposits. 
Montmorillonite is formed under conditions where an abundance of Mg, Ca, 
K, Na an Fe are present with low concentration of H ions and poor drain-
age. In fact, the parent material and land-relief are just as important 
as other factors such as climate, vegetation and time for the formation 
of clay minerals. The interplay of all these factors governs the 
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product obtained. The presence of kc1olinite is not easy to explain and 
1 arge amounts of research work may be necessary before a satisfactory 
explanation is obtained. The presence of mica though not identified in 
the two soils used for this investigation is not unexpected in some 
other associated soils. Illite can be formed under conditions similar 
to those under which montmorillonite is formed if K is the alkali metal 
and if it is present in concentration above a certain level (21). Many 
i.nvesti gc1ti ons pl) have shown that transformati an of i 1 lite frcm mont-
morillonite is possible when all exchange positions are occupied by K 
0 
and the material is dried at about 110 C. The illite like material 
thus obtained does not again expand, even on treatment with a po 1 ar or-
ganic liquid, and it has substanthlly the same x-ray diffraction char-
acteristics as illite. 
The presence of chlorite as reported by Blockhuis et al. (6) in 
these soils is possible since some experiments by Caillere and Henin 
(11) have shown that chlorite can be formed from montmorillonite when 
. '\ 
the latter is treated with a solution containing Mg, so that all the ~x-
change positions are occupied by the Mg ions. Conditions similar to 
those under which chlorite and illite are formed are possible to occur 
in the Central Plain of the Sudan. 
Morphology and Classification 
It was a general trend among soil technologists working in the 
Sudan to describe the Gezira profile according to depth and regardless 
of genetic horizons. This is because the genesis of this soil was and 
continues to be a matter of controversey. Fink ( l5) was the first to 
face the challenge and described the Gezira profile as one composed of 
AC horizons. Following is his description and horizon designation: 
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·_A 11 -A 14 horizon. 0-60-90 cm., dark brown clay LlOYR 3/3 
dry, 10 YR 3/3.5 moist (in parts of the area this horizon is very 
dark greyish brown~ 10 YR 3/2 dry)7; structure, angular blocky; 
consistence, very sticky and pl astTc, friable, hard; frequent dark 
grey carbondte nodules of 1-5 mm. diameter; sparse accumulation of 
fine white flecks of carbonate in 40-60 cm. layer; at surface 
friable flaky crust of few mm. (especially after rains). 
A15-A16 horizon. 60-90-120/130 cm., dark greyish brown clay 
{10 YR 4/1.5 dry and moist); network of tongues from upper layer 
decreasing with depth; structure, fine angular blocky; consistence, 
very sticky and plastic, firm, very hard; fine horizontal lamina-
tion, already in A14; grey carbonate nodules as above; few white 
soft carbonate concretions (1-2 cm.) at bottom of this .layer; gyp-
sum crystals in nests (3-5 mm.); salts. 
C horizon. 120-130-250 cm., brown to yellowish brown clay 
(10 YR 5/3-5/4 dry and moist); upper part possibly transitional 
A/C horizon; structure, weakly developed fine angular blocky; 
consistence, very hard all the year round; frequent soft and hard 
white carbonate concretions; gypsum lenses down to 220 cm.; salts. 
It seems from his description that he consiclered the gray sub-soil 
as a continuation of the brown surface layer which he designated as an 
A horizon. This approach of describing vertisols as those with AC 
horizons was adopted by most American scientists concerned with this 
order. It originated from the concept that swelling of these soils 
combined with the. self-swallowing process, that goes on when soil frag-
ments drop from th~·surface into the deep cracks,·seem to prevent much 
in the way of horizon differentiation. The vertisols were described by 
Smith ( 22) as unable under their environment to develop horizons other 
than a dark epipedon of variable thicknesses and sometimes a Ca horizon. 
In the Sudanese soils this churning process might not be severe enough 
to prevent horizons development and the designation of the gray layer 
as a B horizon is not impossible. 
From some chemical and physical similarities between the Gezira 
soil and Houston Black Clay and the Regurs of India, Fink ( 15) made the 
following attempt to fit the soil into the American System of Classifi-
cation, 7th Approximation, which is presently followed in the 
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classification of the Sudanese soils • 
Order •• • • • . . • • • • Vertiso1 
Sub-Order • • • • • • • Ustert 
Great Group •• . . O Iii O G • •• Grumusterts 
Sub-Group . . . . . . . . . . • Orthic Grumusterts 
As stated before this order has been drastica 11 y changed and the 
new classification was based and centered round the cracking pattern of 
the soil. In.the old classification usterts are defined as soils that 
have chromas of more than 1.5 throughout the upper 30 cm and that lack 
distinct or prominent mottling within the surface 75 cm (42). The new 
defi ni ti on is that usterts are soi 1 s that have cracks that remain open 
for 90 cummulative days or more during the year but not throughout the 
year in most years and one or more of the following~ ( l)- Cracks that 
open and c 1 ose once during the year in most years; (2) a mean annual 
soil temperature of 220 c. (72° F.) or more; (3) a mean summer and mean 
winter soil temperature at 50 cm (20 inches) depth that differ by less 
than 5° C. (9° F.) (42). Despite these changes the soils of the Central 
Plain fit very well in this suborder. At the lower categories, the 
great group chromustert substituted the old group grumustert. Chromu-
sterts are defined now as soils that have moist chroma of 1.5 or more 
throughout the upper 30 cm in more than half of each pedon (42). With 
little rearrangement the classification of the Sudanese soil can be 
easfl y modified to acquire these new terms. 
CHAPTER III 
LABORATORY METHODS AND PROCEDURES 
Clod samples were collected from each profile, coated with saran 
resin in the field and shipped to the United States of America by the 
Soi 1 Survey Division of the, Department of Agric;ul ture, Sudan. In the 
laboratory one clod was cleaned from the coating material, ground, dried 
and screened to pass a 2 mm sieve then retained for analyses. Other 
clods were used in their natural condition for the determination of 
bulk density, porosity, available moisture and coefficient of linear 
extensibility (COLE). Fifty gram samples were used for particle size 
i 
di stri buti on according to a procedure described by Jackson (25·). The 
sand fraction was separated into the five stand~rd fractions by sieving. 
The cl~y was further fractionated into coarse clay (2, 0.2µ) and fine 
clay e,,·0.2~) using a superspeed centrifuge. The x-ray diffraction 
analysis was made on the coarse and fine clay fractions according to 
the Jackson method (25). 1otal K2o was determined in each clay fraction 
by digesting 0.1 gm sample with HF (26). The methods of Jacobs and 
Morin ( 36) and Bower and Gschwend (-8) were used for the determination 
of surface area. The relations given by Jackson (25·) were used to cal-
culate planar area. CEC was determined by the calcium saturation and 
EDTA titration as described by Jackson (26). Saran resin was used to 
coat natural clods for bulk ~ensity and water retention measurement ac-
cording to the recent method of Brasher, Franzmeier and Valassis (10). 
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The method of Kiely and Jackson (30) was used to determine feldspar and 
quartz. Sodium pyrosµlphate rather than K2s2o7 was used in this deter-
mination. The latter was found to result in somevreplacement of sodium 
and calcium by potassium in the plagioclose feldspars. E. C., ph, CEC, 
exchangeable cations and soluble anions were determined in the total 
soi 1 according to the methods described in the u .. s.o.A. Handbook 60 ( 44). 
Calcium carbonate determinations were made using Collin's calcimeter. 
The rr,odified Walkely, Black ( 26) method was used in the determination of 
organic carbon. Extractable or free iron was determined by the method 
of Holmgren (23). 
CHAPTER IV 
RESULTS AND DISCUSSION 






Soi 1 Profile: 
Depth cm 
0 - ,2 
2 - 55 
55 - 80 
80 - 110 
Central Gezira, Tebub Block, Pit B 
Savana, Acacia shrubs and short grass. Presently 
the land is under cotton cultivatioQ. 
Pleistocene clay deposits from basaltic source. 
F, 1 at , 1 eve 1 a 1 l uv i a 1 p 1 a i n. 
Granular mulch, regular pattern of cracks en-
closing units of 75 cm in diam. Width of cracks 
4 cm, depth 100 cm. 
Dark grayish brown (10YR4/2) clay loose granular 
mulch, pH 8.2 
Dark grayish brown (10YR4/2 dry) clay; platy to 
subangular blocky; dry, hard, CaC03 nodules, shell 
fragments, common fine roots, sand pockets few 
medium and thick roots, with slickface, CaC03 
patches, pH 8.3, gradual boundarf to: 
Very dark grayish brown (10YR3/2 dry) to dark 
brown (10YR3/3 moist) clay weak subangular blocky 
With platy components, dry, hard, black CaC03 
nodules, sandpockets, few shell fragments, pH 
8.4, gradual boundary to: 
Very dark gray (10YR3/1 dry) to dark yellowish 
brown ( 10YR3/5 moist) clay, subangular blocky to 
massive, slightly moist, friable, fine gypsum 
Caco 3 flecks, few thin roots; slicken·sides, ter.-
mite holes, few mottlings, pH 7.9, gradual 
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110 - 140 
140 - 155 
155 - 190 
Location: 
Native Vegetation: 
Parent materi a 1: 
Topography: 






Very dark gray ( 10YR3/1 dry) dark brown ( 10·YR3/3) 
moist, clay, weak subangular blocky to massive, 
massive, slightly moist, friable few fine gypsum, 
Mn coatings, few thin roots Caco 3 flecks, pH 9.0, 
Gradual boundary to: 
Very dark gray ( 10YR3/1 dry) very dark grayish 
brown (10YR3/2 moist) clay; slightly moist, 
friable, distinct mottling big patches of CaCO 
fine and medium gypsum, pH 8.1, clear boundary3to: 
Very dark grayish brown ( ( 10YR3/2) c 1 ay; sub-
angul ar blocky, slightly moist, friable, fine+ 
coarse gypsum, few caco 3 nodules, mottlings, Mn 
coatings pH 8.0 
Pit KP0-3, Kenana 
Savana; Acacia trees and tall grass. Land is now 
cotton irrigated. 
Probably pleistocene clay deposits from basaltic 
sources. 
Flat, level plain. 
Granular mulch about 2 cm thick, few cracks. 
0 - 2 Surface mulch 2 cm thick, well developed. 
2 - 20 Very dark grayish brown ( 10YR3/2) clay; moderate 
medium subangular blocky structure; friable to 
firm; few fine roots; cracks 2 cm wide, common 
fine and medium Caco 3 concretions; pH; boundary 
clear and irregular to: _ 
20 - 60 
60 - 100 
Very dark grayish brown (10YR3/2) clay; weak 
medium angular blocky structure; firm; common 
fine and medium roots; common fine white Caco 3 
concretions; few black concretions; few sand 
pockets; few clay balls, slickensides are promi-
nent; pH 8; diffuse boundary to: 
Same as above 
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100 - 120 Very dark grayish-brown ( 10YR3/2) clay; massive; 
very firm; common fine and medium roots; few 
fine Caco; concretions; slickensides clear; pH 
8.5; diffuse boundary to: 
120 - 160 
160 - 200 
Very dark gray (10YR3/1) clay; massive, very 
firm; few fine roots; common medium CaC0 1 con-
cretions increasing with depth; common soft 
mycelium calcium; slickensides; pH 8.5; diffuse 
boundary to: 
Same as above. Substratum is massive clay. 
Particle Size Distribution 
The results of the particle size distribution analysis for both 
locations of Unit 13 is given in Table V and VI and in Appendi~ Tables 
XVII and XIV. The data indicate the following points: (1) Considering 
the whole profile the clay content represents 62 percent, silt 17 per-
cent and sand 17 percent of the total soil in Kenana on carbonate free 
bases. In the Gezira the clay represents 56 percent, silt 18 percent 
and sand 21 percent of the total soil. (2) While the total clay re-
mains almost constant with depth in Kenana soil, and shows very little 
increase in the Gezira, the fine clay increases progressively with depth 
until reaching a maximum between 65 - 125 cm in the Kenana and 50 - 115 
cm in the Gezira. This maximum indicates 41 percent increase in the 
fine clay with respect to the content of the surface horizon in Kenana 
soil and 76% increase in the Gezira soil. (3) From the steady increase 
of the fine clay in both profiles and its decrease at the C horizon it 
may be concluded that part of this clay has been illuviated down the 
profile by the same forces, mainly water rather than being formed in 
the sub-soil. Nevertheless, it is not enough clay increase to char-
acterize an argillic horizon. (4) The higher clay content of Kenana 
soil is probably due to depositional processes rather than to soil 
34 
TAB~E V 
PARTICLE SIZE DISTRIBUTION OF UNIT 13 .. GEZIRA 'ic 
Depth Total Total Fine 
cm v .c. s .. c.s .. M.S. F.S. V. F .s"' Sand Si 1 t Clay Clay 
0-20 5.3 3.7 3.7 5.4 5.7 23.8 21. 5 52.0 17.3 
20-50 5.4 4.3 3.7 5,9 6.o 25,3 13,3 57.2 22.9 
50-115 4.9 3.1 3. 1 4.9 5.6 21.4 17.8 56.0 30.3 
115-155 2.7 1.5 1. 7 3.5 3,2 12.6 20.5 58.5 17.6 
-'c 
'Values in percent 
TABL~ VI 
PARTICLE SIZE DISTRIBUTION OF UNIT 13 - KE NANA* 
Depth Total Total Fine 
cm v.c .. s ... c.s. M .. S •. F.S. V. F .. S. Sand Si It Clay Clay 
5-35 1. 9 2.5 I. 9 5.9 4.4 16.6 18. 1 61. 1 21.9 
35-65 1. 3 2. 1 1. 9 6. 1 5.6 17.0 14.5 61. 1 27.7 
65-125 2.0 2.0 1. 8 5.4 4.8 16~0 17.0 63.3 30.8 
125-180 2.6 1. 6 1. 5 4.7 4,3 14.7 17.9 64.1 26.8 
~·-'Va 1 ues in percent 
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forming processes otherwise the latter would have left the profile with 
more definite textural horizons. However, in Vertisols this is not al-
ways the case. The churning process may prevent the formation of tex-
tured horizons and it would not be possible to recognize whether a 
certain characteristic of a soil is due to soil forming factors or in-
' herited from the parent material. The same difficulty is encountered 
in c;omparing the stages of soil formation in the Gezira and Kenana pro-
files. Though the Gezira has much more illuviation than Kenana it is 
not certain to claim a more advanced stage of soi 1 development unless 
the soil mixing process was not severe enough to destory imprints left 
from the profile development processes. In fact, the self-swallowing 
process in the Sudanese Vertisols is not as active as in similar soils 
in the United States and other parts of the world as has been noticed 
by some visiting American soi 1 scientists. 1 It may be presumed there-
fore that where churning tends to break up the profile some other soil 
forming factors tend to restore it. The latter being more effective. 
More discussion will be given under the genesis of these soils. 
Clay Mineralogy 
Four methods were used in studying the coarse clay and fine clay 
fractions of both soils. These methods were x-ray diffraction, cation 
exchange capacity, determination of external and internal surface area 
and determination of the total K2o content. The data obtained from the 
latter three methods are presented in Table VII and VIII. The x-ray 
analyses were done in three selected depths from each profile and the 
diffractograms are shown in Figures 4, 5, 6, and 7. 
1Rahad Pre-Appraisal Mission Report. Personal communication. 
TABLE VII 
SELECTED CHEMICAL AND PHYSICAL DATA ON 11-IE CLAY FRACTION OF UNIT 13 - GEZIRA 
% 2 CEC Surface Area, m /gm + 
Depth K20 meq/100 % % % 
cm gm Total External Interna-'l Planar M+V K+Q I 
Coarse Clat_ 
0 - 20 0.90 74.5 496 174 322 467 58 37 :!: 5 5 : 4 
20 - 50 0.72 85.5 648 198 450 615 76 20 ! 4 + 4 - 3 
0.85 
+ 
4 ~ 4 50 - 115 74.5 536 130 406 514 64 32 - 4 
115 - 155 0.79 88.2 583 235 348 544 62 
+ 
58 - 4 4 :: 3 
Fine Clat 
0.54 96.5 836 413 423 767 
+ + 
0 - 20 95 3 - 2 3 - 2 
20 - 50 o.66 102.0 810 377 433 747 92 4 ".: 4 3 : 3 
+ + 
50 - 115 0.59 104.8 826 386 440 762 94 3 - 3 3 - 2 
115 - 155 0.54 832 366 466 
+ + 
102.0 770 95 3 - 2 3 - 2 
+M:: montmori11onite, V:: vermiculite, K == kaolinite, I== illite, Q:: quartz 
v.) 
°' 
TABLE VII I 
SELECTED CHEMICAL AND PHYSICAL DATA ON THE CLAY FRACTION OF UNIT 13 - KENANA 
% CEC Surface Area, m2/gm 
%+ Depth K20 meq/100 % % 
cm gm Total External Interna 1 Planar M+V K+Q 1 
Coarse Clay 
+ + 5 - 35 o.69 82.7 571 243 328 530 66 31 - 3 3 - 3 
35 - 65 o.64 85.5 556 243 516 64 
+ + 
313 33 - 3 3 - 3 
65 - 125 o.66 74.5 238 264 462 
+ + 502 57 41 - 3 3 - 3 
+ + 
125 - 180 0.62 88.2 523 273 250 478 59 38 - 3 3 - 3 
Fine Clat 
o.42 765 360 405 87 11: 2 
+ 
5 - 35 11 3. 1 705 2 - 2 
35 - 65 0.59 107.5 771 360 411 711 88 9 : 3 3 !" 2 
65 - 125 
+ + o.4o 115.8 819 403 416 754 93 5 - 2 2 - 2 
-·- 2 : 2 125 - 180 o.43 99.3 865 305 560 814 115" * 
.,_ 
"Probably error in the surface area determination. 
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DEOREES 2 8 
Figure 4. X-ray Diffractograms of Coarse Clay Samples from Three 
Horizons of the Gezira Soil. 
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DEGREE~ 28 
Figure 5. X-ray Diffractograms of Fine Clay 
Sa~ples from Three Horfzons of 





X-ray Diffractograms of Coarse Clay 
Samples from Three Horizons of the 
Kenana Soi 1. 
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X-ray Oiffractograms of Fine Clay Samples 





The objective of the K2o determination was to estimate the amount 
of illitic mica minerals in both the fine and coarse clay fractions of 
the two soi 1 s. Grim ( 21) suggested a 11. 8% K2o va 1 ue to represent 100% 
illite. This value was modified by Mehra and Jackson (34) who estab-
lished a value of 10% K2o. The content of K2o in the coarse clay ranges 
from 0.8 - 0.9% in the Gezira soil to 0.7 - 0.6 in Kenana. In the fine 
clay it is 0.5 - 0.7 in the Gezira and from 0.4 - 0.6 in the Kenana. 
From these values it is clear that m~caceous potassium mica minerals are 
not important in these deposits. In fact illite is present in such small 
amounts that it did not show in the x-ray diffractograms. Nevertheless 
its amount can be estimated using the total K2o procedure. This value 
on the other hand is not a point of general agreement, yet considered by 
many as a good indication of the amount of illite. Considering the 
whole profile and using the value of Mehra and Jackson (34) the results 
of this investigation indicated that illite represents between 8 to 9% 
in the coarse clay and 5 to 7% in the fine clay of the Gezira soil. In 
Kenana it makes up about 6 to 7% of the coarse clay and 4 to 6% of the, 
fine clay. It may even be less than the values shown above because a 
smal 1 correc;:tion should be made for the K present in feldspars. Such 
correction was not found feasible for this study. The illite content of 
the soil seems to be consistent with depth in the two sampled profiles. 
Cation Exchange Capacity and Surface Area Determinations 
Both determinations were made to estimate montmorillonite in the 
c 1 ay fraction of the two soi 1 s. The CEC of the coarse c 1 ay ranges be-
tween 83 to 88 meq/100 gm in the Gezira soil and 74 to 88 meq/100 gm in 
Kenana. The fine clay has a CEC of 100 to 113 meq/100 gm in the Kenana 
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soi I and 97 to 105 meq/100 gm in the Gezira. The results obtained from 
surface area determinations were less consistent than the other data ob-
tained from the other methods used for characterization of the clay 
minerals. The planar surface area of the coarse clay fraction of the 
Gezira soil varies between 467 and 615 m2/gm. 
The fine clay fraction of the same soil gave a value of 747 to 770 
2 
m /gm. In Kenana the coarse clay has a planar surface area of 462 to 
2 530 m /gm and from the fine clay a values of 705 to 814 were obtained. 
The planar surface area was calculated according to a relation given by 
Jackson (25) as fol low$: 
Specific P1anar = 
Surface, m /gm 
Specific Interlayer 5 
Surface + 6 X External Surface 
This value was used to estimate montmorillonite + vermiculite according 
to the equation of Mehra and Jackson (34) 
% (Montmorillonite +Vermiculite= (Planar surface, m2/gm)( 100) 
808 mZ/gm 
Since the x-ray results indicated the presence of vermiculite in the 
coarse clay fraction of the two soi ls an estimate of the amount of the 
sum of the two minerals was only possible. However, the above relation 
was used to estimate the percentage of montmorillonite only in the fine 
clay fraction since the x-ray diffractograms have shown no vermiculite. 
Even in the coarse clay vermiculite is believed to be present in very 
small amounts compared to montmorillonite. The estimates of montmoril-
lonite, vermiculite and illite in the coarse and fine clay fraction of 
the two soils are given in Table VII and VIII. The remainder of the 
clay fraction was assigned to kaolinite+ quartz, both minerals were 
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obviously shown on the x-ray pattern • 
. In the light of the ethylene glycol retention values, total K20 
and CEC determinations along with x-ray analyses it appears that a 
montmorillonitic type mineral dominates the clay fraction of both the 
Gezira and Kenana soils. The coarse clay fraction which comprises ap-
proximately 35% of the fine ~oil in the two profiles is composed domi-
nantly of montmorillonite with smaller amounts of kaolinite, vermiculite 
probably illite and quartz. The fine clay fractions which represents 
about 22% of the fine earth of the Gezi ra soi 1 ar,d about 27% of Kenana 
is made primarily of montmorillonite with traces of finally divided 
quartz. The data obtained during the course of this study were not suf-
ficient to give definite estimate of the amount of each clay mineral. 
However the following tentative conclusions could be made: (1) Mont-
morillonite plus small amounts of vermiculite comprise between 50 to 
70% of the coarse clay fraction of the two soils, (2) Illite ranges be-
tween O and 9%, (3) Kaolinite plus small amounts of quartz 30 to 40% in 
the same fraction of the two soils, (4) The fine clay fraction of the 
two soils is composed of over 90% montmorillonite. Traces of quartz 
and kaolinite may be present. 
X-Ray Analysis 
The x~ray p~tterns of the coarse and fine clay fractions of the two 
soils at three selected depths are shown in Figures 4 - 7. The con-
clusions drawn before about the clay mineralogy of these soils were to 
some degree supported by the following interpretation of the x-ray dif-
fractograms. The 17A0 peak in the diffractograms of the Mg saturated, 
ethylene glycole solvated samples and the closure of this peak to lOA0 
when the clays were saturated with Kand heated to 550° C. was taken as 
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an indication of montmorillonite. The broadening peak of montmori llonite 
in some patterns may indicate that this mineral is probably interstrati-
fied with vermiculite. The presence of vermiculite was also obvious 
from the 14A0 peak which was destroyed by heating the sample to 550° C. 
It was also confirmed by the low intensity reflection of the 3rd order 
0 0 
peak at 4.7A. The 7.lA peak which disappeared after heating a K sat-
urated sample to 550° C,, and the 3.5A0 peak which has more or less the 
0 
same intensity of the reflection at 7.lA were found adequate to identify 
the 1st and 2nd order reflection of kaolinite. The reflection of 3.3A0 
is most probably due to quartz which is almost present in any soil in 
varying amounts. Unexpectedly, a reflection of 10A0 or 5A0 which char-
acterizes illite was remarkably absent in the x-ray diffractograms of 
all samples. This is not in agreement with the claim of Blockhuis, 
Ochtman and Peters (6). The presence of vermiculite rather than chlorite 
and its stratification with montmorillonite as found during this study 
was also not in accord with their description of these clays. That fl-
lite is present only as traces was also confirmed by the very small 
amount of total K20 content of the two clay fractions as stated before. 
Physical Properties 
The results of some selected physical properties of the Gezira and 
Kenana soils are given in Table IX. These include bulk density, avail-
/ 
able moisture, porosity and coefficient of linear extensibility (COLE). 
The data indicated that the Gezira soil has a bulk density of 1.57 at 
the surface horizon increasing progressively until it reaches a maximum 
of 1.89 at a depth of 75, 115 cm. The same trend was observed in Kenana 
soil which has a bulk density of 1.80 at the surface horizon increasing 
steadily to 1.98 at a depth of 25, 150 cm. Both soils showed a 
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TABLE IX 
BULK DENSITY, POROSITY, AVAILABLE MOISTURE AND COEFFICIENT 
OF LINEAR EXTENSIBILITY OF UNIT 13 
.. k --;': 
Db 1/3 bar Db od H20 at % 
Depth· 
cm gm. cm-3 gm. cm- 3 1/3 bar 
Available % 
Moisture Porosity 
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AD b 1/3 bar= bulk density at 1/3 bar 
Db od = bulk density at oven dryness 

































decrease in bulk density at the C horizon. This investigation clearly 
suggests that the Kenana profile is more compacted than the Gezira pro-
file and that both soi ls are so dense that some difficulty in their 
management can be anticipated. It has been shown that when the bulk 
density of medium to fine textured subsoil exceeds about 1~7 gm. cm- 3 
hydraulic condu·ctivity values will be so low that drainage problems can 
be expected (44). In these soils internal drainage is very poor and 
water moves mainly through the cracks which are more effective than 
infiltration rate in conveying water to the deep horizons. Under this 
highly compacted condition of the soil profile the stunted growth of 
some cotton plants, as observed in this plain, may probably be due to 
the adverse physical condition of the soil. The increase in bulk den-
sity with depth in both soils may be due partly to illuviation of the 
fine clay fraction. These fine particles moving down the profile with 
the percolating water are dispersed with sodium and fi 11 the interstices 
of the soil matrix creating a more dense layer in the subsoil. If this 
is true, then deep ploughing might not be effective in loosening the 
subsoil and the hard layer may build up again within a short time. The 
validity of this statement, however, remains doubtful until tested by 
experimental field work. From the uniformity of the bulk density deter-
mination results it may also be concluded that the compactness of the 
whole profile was likely inherited from the fine clay parent material 
and the slightly harder subsoil was a result of the soil forming factors. 
Availability of Water 
Available water was estimated for each horizon of the two sampled 
profiles. The 1/3 bar moisture volume percentage was used as an esti-. 
mate of the amount of water held at field capacity. This value was 
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obtained by multiplying the 1/3 bar moisture weight percentage by the 
bulk density of a natural soil clod at 1/3 bar. Soil clods with the 
least possible disturbance were used, rather than sieved samples to 
calculate the bulk density at 1/3 bar and to estimate the moisture 
weight percentage at the same tension. The use of natural soil clods 
has been recommended by many researchers (31, 14, 3, 33) because it has 
been found that the water content at field capacity is overestimated if 
sieved soil samples were used to obtain the 1/3 bar desorption value. 
Young and Dixon (46) compared the 1/3 bar moisture volume percentage 
which is often used as an estimate of the amount of water held at field 
capacity with the porosity of the soil and they found that impossible 
values were sometimes obtained. They presented some data which showed 
that the volume of water held by a soil at 1/3 bar as estimated from a 
sieved sample was greater than the volume of total pore space of the 
soil in its natural condition, which is impossible. The results ob-
tained from this stydy indicated that the Gezira soil has a slightly 
lower capacity to hold water at field range than the Kenana soil. In 
the Gezira available water increases from 37% in the surface horizon to 
43% in the subsoil and to 46% in the C horizon. Values of 45% in the 
surface horizon which increased to 51% in the C horizon of the Kenana 
profile were obtained. The results were checked with the pore space of 
the soil in its natural condition. Porosity was calculated according to 
the following relation; 
Porosity= (Dp - Dbl/3bar) X 100 
Dp 
Where Dp is the assumed particle density of 2.65 and Dbl/3 bar is the 
bulk density at 1/3 bar. The data indicated that the water content of 
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each horizon in both profiles was reasonably exceeded by the total pore 
space of the soil in its natural structural condition. 
Despite how reliable and consistent these data; available water can 
best be determined under representative field conditions, because in ad-
dition to its dependence upon texture it also depends on the variation 
throughout the profile of such factors as water conductivity and pore 
size distribution. In the Central Clay Plain of the Sudan water con-
ductivity is low and the high water holding capacity shown in Table IX 
does not always indicate sufficient water to support plant growth. 
Coefficient of Linear Extensibility (COLE) 
One of the important characteristics of vertisols is their high 
coefficient of expansion and contraction on wetting and drying. This 
coefficient is defined as the ratio of the difference between the moist 
and dry lengths of a clod to its dry length and is described by the 
following equation~ 
COLE= Lm - Ld 
Ld 
Where Lm and Ld are the moist and dry lengths of the clod respectively 
(42). It is usually calculated from the difference in bulk density of 






Where Dbd and Dbm are the bulk densities at the dry and moist conditions. 
The values obtained from the Gezira and Kenana soils are shown in Table 
IX. As might be expected the Kenana has a greater capacity of expansion 
1 
Private communication with Mro Bo Ro Brasherj Soil Scientist at 
the Salinity Laboratory (USDA), Riverside 9 California. 
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than the Gezira because of its higher montmorillonitic minerals content 
and higher ESP assuming that other clay minerals are more or less the 
same in the two soi Is. The CO.LE increases steadily from 0.0705 in the 
surface horizon of the Gezira soil to O. 1448 in the lower part of the 
profile. In Kenana it increases from o. 1323 in the surface to 0.1792 in 
the C horizon. The advantage of L1sing soil clods in this kind of study 
is that measurements of change in volume with controlled water content 
are possible. Such measurements are useful in determining soil shrink-
age that accompanies drying in order to develop the relation that exists 
between soil moisture and volume change. However error is introduced if 
the va 1 ues of exp.ans ion are used to predict the movememt of the soi 1 in 
its field natural condition because a clod in the laboratory undergoes 
volume change in the absence of soil .load pressure which is not the case 
in the field. This is obvious from the results already obtained from a 
field test run in similar Gezira soil. It has been found that the up-
ward movement of the soi 1 in wetting decreases wi.th depth from 12.5 cm 
in the surface to zero cm at a depth of about 180 cm. 
The peculiar relation between the cotton yield and clay percentage 
(high clay percentage is associated with high cotton yield) observed in 
these fine clay soils of the flain could be explained in the light of 
swe 1 ling-shrinkage phenomenon. In. these poor 1 y drained soi 1 s water 
movement, as previously stated, depends mainly on cracks whose magnitude 
is influenced by the amount and kind of clay minerals as well as the 
kind of cations saturating the clay fraction. The coefficient of Ii.near 
extensibility which is a me~sure of shrinkage that develops cracks in 
the soil could accordingly be tested as a criterion of land assessment. 
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Soil Weathering 
The feldspars and quartz were determined in the very fine sand 
(50-100~) and silt (2-50,.,u) fraction of all horizons of the two profiles 
in order to gain some information about soil weathering. The results 
obtained from the silt fraction may not be as reliable as the results 
obtained from the very fine sand fraction, because the whole silt (2-
. 50p) was used for analysis rather than one of the silt fraction (2-50~, 
5-20.u, 20-50)..1) as recommended by Kiely and Jackson (30), on the bases 
that mineral species tend to concentrate within a limited particle size. 
However Graham (17) used the whole silt fraction of several soils and 
standard feldspar minerals as a check to determine an index of soil 
weathering. The results obtained from this study are shown on Tables 
X and XI. The data indicated that Kenana soi I has more feldspars and 
less quartz than the Gezira soil. The percentage of total feldspars is 
about 17% in the very fine sand fraction of the Gezira soil and approxi-
1 
i:iltely 37% in the same fraction of Kenana soil. In the silt fraction 
/ 
feldspars represent about 37% in the Gezira and about 40% in Kenana. 
The Na member dominates the feldspars minerals in the silt and sand 
fractions of all horizons of the two soils. In the very fine sand quartz 
represents about 83% in the Gezira and 72% in Kenana. In the silt frac-
tion it constitutes about 63% in the Gezira and 60% in the Kenana. The 
quartz content of the two profiles follows the same trend of showing 
very little variation with depth. 
From the feldspar data, it would appear that the soils of Unit 13 
as represented by the two sites of this investigation are moderately 
weathered. Their feldspar minerals are dominated by the intermediate 
members labradorite, andesite and oligoclase. These minerals release 
TABLE X 
THE PERCENTAGE OF NA, CA AND K FELDSPARS AND THE QUARTZ-FELDSPARS RATIO 
IN THE V .. F .. SAND AND SILT FRACTIONS OF UNIT 13 - GEZIRA 
% Na2o 
Depth % % % Total % Quartz 
cm K Feldspars Na Feldspars Ca Feldspars Feldspars Quartz Feldspars CaO 
Vo F .. Sand 
0-20 4. 1 8.5 2.8 15.4 84.6 5.5 1. 75 
20-50 4.8 8.4 5.4 18.6 81.4 4.4 0.90 
50-75 4.8 8.4 5.4 18.6 81.4 4.4 0.90 
75-115 4.8 8.5 3.9 17.2 82.8 4.8 1 ~ 28 
115-155 4.4 9.4 3. 1 16.9 83. 1 4.9 1. 75 
Si 1 t -
0-20 7. 1 22. 1 12.4 41.6 58.4 1. 4 1.04 
20-50 7. 1 - 22. 1 8.4 37.6 62.4 1. 7 l. 5 3 
50- 115 7. 1 22. 1 8.4 37.6 62.4 1 • 7 1. 53 




THE PERCENTAGE OF NA, CA AND K FELDSPARS AND THE QUARTZ-FELDSPARS RATIO 
IN THE VoFo SAND AND SILT FRACTIONS OF UNIT 13 - KENANA 
% Na2o 
Depth % % % Total % Quartz 
cm K Feldspars Na Feldspars Ca Feldspars Fe 1 dspars Quartz Feldspars CaO 
Vo F. Sand 
5-35 7.7 16.2 5.0 28.9 71 • I 2.5 1 .90 
35-65 7. 1 16.2 5.0 28.3 71. 7 2.5 1.90 
65-125 7. I 16.2 4.9 28.2 71.8 2.5 1.92 
125- 150 6.5 16.2 5.4 28. 1 71.9 2.6 1. 73 
150-180 6.5 16.2 4.9 27.6 72.4 2.6 1. 73 
Si 1 t --
5-35 7.7 23.8 10.9 42.4 57.6 1. 4 1. 27 
35-65 8.9 25~5 9.9 44.3 55.7 1. 3 1.50 
65-125 8.,3 26.4 2.2 36.9 63. 1 1. 7 6.9 




significant amounts of both calcium and sodium in the soil during weath-
ering. Assuming both soils have approximately the same parent material, 
which is most probably the case, then it could be concluded that the 
Gezira soil was more weathered than Kenana soi 1. This conclusion was 
based on the lower quartz/feldspars ratio of Kenana soil. Considering 
the Na0 2/CaO ratio it would appear that the gray sub-soil in the two 
profiles is more weathered than the surface soil. This may again justi-
fy the description of the gray subsoil as a cambic horizon. 
Chemical Properties 
Selected chemical properties of these soils are presented in Tables 
XII - XV and Appendix Tables XVII-XIX. As would be expected in these 
calcareous soils the pH is alkaline throughout the depth of the sampled 
profile. It is about 8 or more in all horizons. In a KCl solution it 
was found to be approximately 1.4 units lower than that obtained by mix-
ing the soil with watero By increasing the soil water ratio to 1:5 
higher values were obtained than those measured on a paste (approximately 
1 :1). This variation could be attributed to the effect of different con-
centrations of salts in the double layer. With high salt concentration 
the double layer becomes more compact and the pH in the solution ap-
proaches that pH found on the surface of the soil particles which is 
usually lower than the pH of the soil solution. 
Calcium carbonate occurs in all horizons of the two profiles in 
variable amounts. It is apparent that the Gezira soil has a higher per-
centage of Caco 3 than the Kenana. The results obtained were erratic 
and statements about leaching and relation of the carbonate to the par-
ent material were not possible. 
The electrical conductivity of the saturation extract as a measure 
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TABLE XII 
SELECTED CHEMICAL PROPERTIES OF A SOIL FROM 
CENTRAL GEZIRA, SUL EI MI BLOCK 
Soluble cation and anions in meq/litre 
Depth Saturation Extract -v•, ;', 
cm Na Ca Mg Cl HC0 3 co 3 SSP TSC 
SM 3.0 4.0 1. 0 2.0 4.2 o.o 37.5 8.o 
0-45 3.0 0.5 0.3 1.0 2.5 o.o 80.0 3.8 
45..,60. 4.0 3.0 2.0 2.0 2.2 0.5 44.5 9 
60-85 4.0 1.0 J.O o.6 2.4 0.7 66.7 6 
85~140 6.o J. 5 1. 5 o.6 2.8 0.7 66.7 9 
140..:175 27.0 9.0 3.5 1. 5 2.3 0.0 68.5 39.5 
175-200 44.o 22.0 11 • 0 1 • Cl 1.9 o.o 57.0 77.0 
"k 
SSP :: Soluble Sodium Percentage 















CHEMICAL ANALYSIS OF KENANA SOIL - UNIT 13 
-
pH E .. C .. on Soluble Cations and Anions in meq/L Sat. Ext. 
Sat. Ext. 
Paste 1 : 5 mmohs/cm Na Ca Mg Cl HC0 3 co3 
7.6 8.6 0.95 5.0 2.0 1.0 1. 6 1. 6 0.4 
8.3 8.5 0.60 3.0 1. 0 1 .o 1. 2 1. 4 o.8 
7.9 8.7 0.78 6.0 2.0 1.0 0.7 1. 9 o.o 
8. 1 9.0 1 • 1 1 8.o 1. 5 1. 5 0.7 2. 1 o.o 
8.o 8.9 1. 5 12.0 1.0 1. 0 1. 2 3.5 0.7 
8. 1 9. 1 2. 1 16.0 1. 5 1.5 2.0 3.0 1.. 5 
8.3 9. 1 1.6 13.0 1.0 1.0 4.o 2.7 2.3 
SSP = Soluble Sodium Percentage 






















SELECTED CHEMICAL PROPERTIES OF A SOIL FROM CENTRAL GEZIRA TEBUB BLOCK 
pH EoC .. on CoEoC .. Exe h. Na Organic 
Depth CaC03 Sat.Ext. meq/100 meq/100 Matter 
cm Paste 1 : 5 % mmohs/cm gm gm % ESP 
0-2 8.2 9. 1 3.8 1. 6 58 6.0 o.47 10.0 
2-55 8.3 9.7 3.3 o.8 54 4.2 0.45 8.o 
55-80 8.4 9.8 6.6 1. 4 60 12.8 o.4o 21.0 
80-110 7.9 9.0 4.7 7.8 71 12.1 0.72 17.0 
110-140 9.0 9.3 5.6 5.8 74 16.3 0.90 22.0 
140-155 8. 1 9.6 6.6 8.5 75 12.6 o.64 , 17 .o 




0-20 1. 77 
20-50 1. 80 
50-75 1. 84 
75-115 1. 72 





SELECTED CHEMICAL PROPERTIES OF KENANA SOIL - UNIT 13 
CEC Exch. Na · Organic 
Free Feo3 
Depth Caco 3 meq/100 meq/100 matter ESP Depth 
cm % . gm gm % cm % 
0-2 8.5 61 5.0 1. 12 5.0 5-35 2.42 
2 .. 20 2.4 63 3.0 .93 6.0 35-65 2. 72 
20-60 1. 9 63 6.0 0.76 14.5 65-125 2.57 
60 .. 100 2.2 64 8.o 0.74 20.0 125-150 2.71 
100 ... 120 0,9 68 12.0 0.76 20.0 150-180 2. 38 . 
120-160 1. 8 69 16.0 o. 72 20.0 
160-180 5.0 71 13.0 0.93. 21.0 
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of soluble salt increases progressively from 1.6 mmohs/cm. at 25° C. at 
the surface horizon to 8.5 mmohs/cm. at 25° C. at a depth of 140.55 cm. 
in the Gezira profiles. In the Kenana soil the same trend was also ob-
served, however, this soil is much less saline. The E. C. increases 
from 0.95 mmohs/cm. at 25° C. to 2. 1 mmohs/cm at 25° C. at a depth of 
120.160 cm. This level of soluble salts was found .not to affect the use 
of the land for the production of a salt tolerant crop like cotton. 
However saline patches do occur in the plain and restrict the yield of 
cotton as well as other crops. 
Cation exchange capacity values range from 58 meq/100 gm. to 75 
meq/100 gm. in Kenana. The cation exchange capacity as shown in Ap-
pendix Tables XVII-XIX follows closely the distribution of clay in the 
profile. The high CEC indicates the montmorillonitic nature of these 
clays. However the correlation found between the CEC and the percent-
age of clay (approximately 1 meq/1 gm. clay) is probably due to coin-
cidence in the proportions of the previously cited clay minerals rather 
than to montmori11onite alone. 
The exchangeable Na is relatively higher in the Gezira site than 
in Kenana profile. In both soils it increases with depth to a maximum 
at about 70 cm. in the Gezi ra and about 80 cm in Kenana. These maxima 
indicate 21% (ESP) in the Gezira and 20% (ESP) in Kenana. Below these 
·-, 
maxima it remains almost constant with depth in the Kenana profile and 
either increases or decreases in the lower horizon of the Gezira soil. 
A value of 25% exchangeable sodium percentage was obtained in the C 
horizon of this soil. Under this high level of exchangeable sodium the 
poor drainage of the soil is expected as a result of c;lispersing of the 
fine fraction. According to Green ( 20) the imperfect internal drainage 
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of these soils is responsible for their lower fertility as compared to 
other similar areas in the world. Cotton as reviewed earlier is a tot-
e.rant crop to alkalinity and salinity and reduc;tion in yield may probably 
be due to a deteriorated physical condition of the soi 1 rather than to 
Na toxicity. The data also indicated that the ESP is less than 15% in 
the top two feet of the two profi 1es whic'h may permit some permeabi 1 i ty 
and leaching processes. Gypsum applications were early found useful in 
promoting deeper moisture penetration. 
Despite the dark color of the epipedons of the two profiles (lOYR 
4,3/2 for the Gezira and 10YR3/2 for Kenana) the data clearly indicated 
that both soils are very low in organic matter. With the exception of 
the surface mulch of Kenana profile (approximately 2 cm thick) all 
horizons of the two soils have less than 1% organic matter. This con-
tent is considerably lower than that reported for the American Grumusols; 
Beaumont, Lake Charles, Victoria, San .Saba and Houston Black Clay. How-
ever the Regurs of India and the Tirs of Morocco are similarly char-. 
acterized by a low organic matter content (32). 
Free iron oxides were determined at selected depths in the two ~ro-
fi les and the results are shown in Table XIV and XV~ The percentage of 
extractable iron did not show any significant variation with depth. In 
the Gezira it ranges from 1.2% to 1.8%. The Kenana content of free iron 
oxides is higher than that of the Gezira, being in the range of 2.7%. 
The data did not indicate any relation between extractable iron and the 
color of the three layers in the profile. However the form of iron in 
addition to several other substances 9 mainly quartz, kaolinite 9 car-
bonates of lime and magnesium, gypsum and various salts may cause varia-
tion of color in the soil profile. However, this is not always the case 
and the color of a soil hodzon could be inherited from the parent ma-
terial, since the color of some rocks may persist for centuries even 
under adverse condi ti ans ( 4·1). 
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The soluble cations and anions of all horizons of the two profiles 
are given in Tables XII and XIII. These data were mainly presented 
here to reflect the moisture migration in the soil profile. To do this, 
two values were calculated; soluble sodium percentage (SSP) and total 
soluble cations (TSC). The method of Miller and Ratzlaff (35) was con-
sulted in this investigation. The interpretation of the results how~ 
ever may be 1 imi ted by the fact that samp 1 i ng was not done in contiguous 
increments small enough to differentiate small variables in moisture 
mi grati an as recommended by the authors cited above, otherwise the pro-
cedures were exactly the same. The gradual increase in SSP with depth 
in the two profiles is evident and indicates the direction of moisture 
migration with the exception of one sample collected from the surfaGe 
of the profile the SSP increases steadily from 37.5% to reach a maximum 
of 68.5% at a depth of 140. 175 cm in the Gezira. In Kenana it increases 
from 60% to 87% from the surface of the profi 1 e to a depth of '160-200 
cm. The results obtained from the TSC indicated a general increase from 
3.8 meq/L, saturation extract to 77 meq/L at a depth of 175-200 cm in 
the Gezira profile and from 5 meq/L to 19 meq/L at a depth of 120, 160 
in Kenana. The concomitant increase in both total soluble cations and 
soluble sodium percentage values was called by Miller and Ratzlaff (35) 
salt precipitation. It indicates that moisture could migrate only 
under high head pressures and in thin films through that portion of the 
profile which reflects this spontaneous increase of (SSP) and (TSC) with 
depth. The salt precipitation was assumed to take place as moisture is 
dissipated from the soil, rather than as the soil is initially wetted. 
The picture is also complicated by the presence of cracks. Moisture 
may accumulate at the base of the crack and then migrate into dried 
soil interrupting the general trend of the chemical imprint observed 
in the profile. 
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The occurrence of chloride in the Kenana profile may reflect the 
effect of cracks in this chemical imprint. The chloride content of the 
bottom layer showed a steady increase below a depth of one meter. 
Above this depth which is usually reached by the cracks from the sur-
face the trend was almost reversed. The chloride content increases 
upwards i.e. decreases from the surface to the region reached by cracks. 
This trend may indicate that chloride is being removed from the surface 
and dE:lposi ted in the lower depths of the profile. However, as water 
accumulates in the bases of cracks it migrates by capillarity upwards, 
as well as in other directionsj and carries the chloride with it. This 
The mode of chloride occurrence was less obvious in the Gezira profile. 
above hypotheses could be tested in controlled field studies and the 
conclusiqns drawn from this interpretation are tentative. 
Soil Genesis and Classification 
Due to the churning process and the fine texture of the soi I, di f-
fi cu Hy has long been encountered in attempting to designate genetic 
horizons of the profile of the Central Clay Plain soils. Therefore, 
the morphological trends observed in these two profiles were probably. 
a result of depositional processes as well as of soil forming factors. 
Despite this difficulty the two soils could be classified as Vertisols., 
This classification was already adopted by most soil scientists in the 
Sudan and it can be confirmed from the following characteristicsi 
high content of montmorillonitic clay minerals~ more than 52 percent 
clay; more than 54 milliequivalents exchange capacity; wide and deep 
cracks; high coefficient of expansion; common slickensides and paral-
lelepiped structure; occurrence of gilgi micro relief in some non-
cultivated Gezira soil. Their lower categories are given in the 
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CHAPTER V 
SUMMARY AND CONCLUSION· 
The chemical, physical and mineralogical properties of the tw~ 
soils were found very similar. Their similarities were reflected in 
their classification. Both soils have been classified as very fine 
clay, rnontmori11onitic, hypertherrnic, typic chromustert. Slight dif-
ferences in color, texture and degree of weathering were observed. 
The clay mineralogy of the two soils appears to be dominated by mont-
morillinite which in some horizons is interstratified with vermiculite. 
Kaolinite was found to occur in all horizons in variable amounts and 
in lesser quantities than montmori11onite. I11ite was present in the 
least amount of all clay mine~als pr~sent in these clays. The higher 
c 1 ay content of Kenana was associated with greater capacity of this 
soil to hold water and to swell and sh.rink when wet and dry than the 
Ge.zira soil. Under these conditions it is expected to hc1Ve a more in-
tense cracking pattern than the Gezira. The slight difference in the 
chemical properties of the two sit~s followed the general tr~nd that 
soils to the South of the Plain are of lower salinity, lower alkalinity 
and less calcareous than the soils in the North. 
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TABLE XVI 
THE MINERALOGICAL ANALYSIS OF THE HEAVY FRACTION (S .. Go-:>2o9) OF THE GEZIRA SOIL, 
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Source: Gezira Profile Investigation 1963 by L. H. Ochtman. Miscellaneous Paper No. 2, Soil 










































SELECTED CHEMICAL AND PHYSICAL DATA ON SOILS OF 
UNIT 13, KENANA PIT KP03 
Particle Size Distribution 
on fine Soil CEC 
% % % OL ,o meq/100 % 
c.s. F.S. Si 1 t Clay gm ESP Saturation 
7 12 20 60 61 5.0 85 
6 11 20 61 63 6.o 78 
5 10 20 63 63 14.5 78 
5 9 19 65 64 20.0 77 
5 8 20 66 68 20.0 91 
4 9 19 66 69 20.0 100 
4 8 19 64 71 21.0 106 
% 
% Organic 
Nitrogen Carbon C/N 
0.035 0.65 18.5 
0.031 0.54 17.5 
0.021 o.44 21. 0 
0.017 0.43 25.0 
0.016 0.44 28.0 
0.013 0.42 32.0 













SELECTED CHEMICAL ANO PHYSICAL DATA ON SOILS OF 
UNIT 13, GEZIRAy SULEIMI BLOCK PIT B 
Particle Size Distribution 
on Fine Soil CEC 
ot 
lo % % % meq/100 % 
c.s. F .. s .. Si 1 t Clay gm ESP Saturation 
5 11 24 54 56 1.5 71 
7 11 20 57 57 4., 65 
5 9 21 58 59 12.0 65 
6 10 20 57 58 17.0 70 
4 9 23 59 62 17.0 84 
3 8 21 60 60 12.5 81 








































SELECTED CHEMICAL AND PHYSICAL DATA ON SOILS OF 
UNIT 13~ GEZIRA 9 TEBUB BLOCK PIT B 
Particle Size Distribution 
on Fine Soi 1 CEC 
% % % % meq/100 % 
c .. s .. F .. S" Si 1 t Clay gm ESP Saturation 
5 8 15 68 58 10.0 78 
12 11 18 55 54 8.o 102 
6 8 19 60 60 21. 0 88 
4 7 17 69 71 17.0 11 3 
9 3 21 60 74 22.0 1 21 
3 7 )8 60 75 17.0 117 






















J. ulid o 
Figure 8. Per·centage of Easily Soluble Salt in the Top Four 
Feet of the Gezira Soil After Tothill. 
(Agr"lcul tute in the Sudan. London Oxfor::i 
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